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Description 

The incention relates tc a method and and a system 
for seasoning a substrate p'ocessing chamber. 

One of the primary ste )S in the fabrication of mod- 
s the formation of a thin film 



ern semiconductor devices 
on a semiconductor substrate by chemical reaction of 
process is referred to as 
i (CVD). Conventional thermal 



gases. Such a deposition 
chemical vapor deposition 

CVD processes supply reactive gases to the substrate 
surface where heat-indue id chemical reactions can 
take place to produce the desired film. Plasma CVD 
processes promote the acti/ation of the reactant gases, 
typically by the application of radio frequency (RF) 
energy to excite the reactait gases, thereby creating a 
plasma. The high reactiviy of the activated reactant 
gases reduces the energy i equired for a chemical reac- 
tion to take place, and thus towers the required temper- 
ature for such CVD pro ;esses. The relatively low 
temperature of a plasma CVD process makes such 
processes ideal for the formation of insulating layers 
over deposited metal layers and for the formation of 
other insulating layers. A high density plasma CVD 
(HQP-CVD) process is sim lar to the plasma CVD proc- 
ess described above, but £ n HDP process uses induc- 
tive energy rather than capacitive energy. 

In one prior art HDP-C VD deposition chamber, the 
vacuum chamber is generally defined by a planar sub- 
strate support acting as a ttthode. along the bottom, a 
planar anode along the to 3, a relatively short sidewall 
extending upwardly from he bottom, and a dielectric 
sidewall connecting the short sidewall with the top. 
Inductive coils are mountec I about the dielectric sidewall 
and are connected to a suj iply radio frequency genera- 
tor. The top and bottom el€ ctrodes are typically coupled 
to bias radio frequency generators. Two or more sets of 
equally spaced gas distrit utors. such as nozzles, are 
typically mounted to the sidewall and extend into the 
region above the edge of the substrate support surface. 
The gas nobles tor each : et are coupled to a common 
manifold for that set; the manifotds provide the gas noz- 
zles with process gases, in ilud'mg gases such as argon, 
oxygen, silane (SiH 4 ), TEOS (tetraethoxy-silane), sili- 
con tetrafluoride (Sir%), <te-. the composition of the 
gases depending primarily on the type of material to be 
formed on the substrate. £ ets of gas nozzles are com- 
monly used because somt gases, such as silane. need 
to be delivered into the chamber separately from other 
gases, such as oxygen; ether gases, such as oxygen 
and SiF 4 , can be deliverec to a common set of nozzles 
through a common manifo d. The nozzle tips have exits, 
typically orifices, positioned in a circumferential pattern 
spaced apart above the ciicumferential periphery of the 
substrate support and thro jgh which the process gases 
flow. 

Possible contaminatio i of the deposition process is 
always a concern. For exa nple, during deposition of sil- 
icon oxide and other layeis onto the surface of a sub- 



strate, the deposition gases leased inside the 
processing chamber cause unavoidable deposition on 
areas such as the walls of the processing chamber. 
Unless removed, this unwanted deposition is a source 
5 of contaminates that may interfere with subsequent 
processing steps and adversely affect wafer yield. To 
avoid such problems, the inside surface of the chamber 
is regularly cleaned to remove the unwanted deposition 
material from the chamber walls and similar areas of the 
10 processing chamber. This procedure is performed as a 
dry dean operation where an etchant gas. such as nitro- 
gen trifluorine (NF 3 ), is used to remove (etch) the 
deposited material from the chamber walls and other 
areas. The etchant gas is introduced into the chamber 
15 and a plasma is formed so that the etchant gas reacts 
with and removes the deposited material from the 
chamber walls. Such cleaning procedures are com- 
monly performed between deposition steps for every 
wafer or every n wafers. 
so However, there are other sources of contamination, 
such as those contaminates inherent to the deposition 
chamber itself, that are not eliminated by the cleaning 
process described above. For example, in the HDP- 
CVD chamber described above, the dielectric sidewall 
is may be formed of a quartz, silicon oxide (SiOa) material 
or of alumina (Al 2 0 3 ). the nozzles are typically formed 
ot alumina and the chamber body itself is typically 
formed of aluminum (Al). Each of these materials is a 
potential source of contamination, including, for exam- 
30 pie, sodium (Na). lithium (Li), potassium (K), aluminum 
(Al), iron (Fe), chromium (Or) and nickel (Ni). Since the 
contaminates occur naturally within the chamber com- 
ponents, they are generally not eliminated by the above 
cleaning process and therefore can interfere with 
35 processing steps and adversely affect wafer yield. 

As an example, it has been observed that sodium is 
a particularly disruptive contaminant to the deposition 
process- It is believed that a high level ol sodium con- 
tamination in the deposition chamber can arise from the 
40 relatively high diffusion rate of sodium contaminates or 
ions through silicon oxide and alumina surfaces. There- 
fore, it is believed that during wafer processing in a 
plasma reactor, sodium diffuses through the quartz 
dome and alumina nozzles until they are free within the 
45 chamber, where they become incorporated with and 
contaminate the deposited film. 

A known method of controlling the introduction of 
contaminates into the deposition chamber involves 
depositing a "seasoning* .layer of silicon oxide over the 
so chamber's interior surface prior to processing substrate 
f ams. For example, the dean step described above can, 
in itself, be a source of particle accumulation. Ruorine 
from the clean plasma can be absorbed and/or trapped 
in the chamber walls and can be released during subse- 
55 quent processing steps. The deposited silicon oxide 
seasoning layer covers the absorbed fluorine, reducing 
the likelihood that it will contaminate subsequent 
processing steps. However, depositing a seasoning 
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layer of silicon wde does not protect against sodium 
contamination, for exanple, because of the relatively 
high diffusion rate of sxiium through silicon oxide to 
begin with. 

Thus, it is an object of the invention to provide an 
improved method and apparatus for controlling the 
introduction of conlamir ation into the deposition cham- 
ber that occur natural y within the chamber compo- 
nents. 

The present invention provides an improved 
method and apparatus or controlling the contamination 
of a deposition chambe that occurs naturally within the 
chamber components. The CVD chamber is "sea- 
soned" with a protective layer after a dry clean operation 
and before a substrate is introduced into the chamber. 
The deposited seasoring layer covers the chamber 
component materials, i educing the likelihood that the 
naturally occurring conlaminants witl interfere with sub- 
sequent processing steps. After deposition of the sea- 
soning layer is complete the chamber is used for one to 
n substrate deposition steps before being cleaned by 
another clean operatio \ as described above and then 
reseasoned. 

The invention prov das a method and a system for 
improving the quality of films deposited in a substrate 
processing chamber. The present invention is particu- 
larly useful tor improving the quality of undoped silicate 
glass (USG) films depc sited by chemical vapor deposi- 
tion processing, but mar" also be applied to a number of 
other types of films, including, merely by way of exam- 
ple, fluorosilicate glass (FSG), phosphorous<loped sili- 
cate glass (PSG), boron nitride (BN) and amorphous 
carbon), as well as to lilms deposited by other deposi- 
tion techniques. 

The seasoning laysr controls chamber contamina- 
tion because the diffusion rate of the typical contami- 
nates through the seasoning layer is much tower than 
the diffusion rate through the chamber component 
materials, such as silion oxide and alumina. Thus, the 
contaminates are not is likely to diffuse through both 
the chamber componf nt materials and the protective 
seasoning layer and a rrtaminate the film being depos- 
ited on the substrata. Preferred seasoning layers 
include silicon nitride (SiN), silicon oxynilride (SiON) 
and phosphorous-dopsd silicate glass (PSG), each of 
which limits the diffusicn of contaminates into the depo- 
sition chamber. In an Alternate embodiment, a precur- 



sor seasoning layer, 



uch as a silicon oxide layer, is 



introduced to the cham t>er before depositing the protec- 
tive seasoning layer. The protective seasoning layer 
adheres more uniformly to the underlying precursor 
layer than to the chamber components, providing 
improved contamination control. 

Further preferred e mbodiments of the invention and 
the features thereof aqe given in the appended claims 
and subclaims 

Preferred embodirfierts of the invention will now be 
described in detail in conjunction with the accompany- 



ing drawings in which 

Fig. 1A is a vertical, cross-sectional view of one 
embodiment of a simplified high density chemical 
5 vapor deposition apparatus according to the 
present invention. 

Fig. 18 is a diagram of an exemplary system moni- 
tor used in conjunction with the exemplary CVD 
processing chamber of Fig. l A. 

10 Ftg. 1 C is a flow chart of an exemplary process con- 
trol computer program product used to control the 
CVD processing chamber of Fig. i A. 
Fig. 2 is a flow chart illustrating process steps in the 
formation of a protective seasoning film according 

is to an embodiment of the present invention. 

Fig. 3 is a flow chart illustrating process steps in the 
formation of a protective seasoning film according 
to another embodiment of the present invention. 
Fig. 4 is a graph showing the reduction in sodium 

20 contamination after the formation of a protective 
seasoning film according to the present invention. 

1 . An Exemplary CVD System 

25 Rg. 1 A illustrates one embodiment of a high density 
plasma (HDP) CVD system S in which the dielectric 
layer according to the present invention can be depos- 
ited- HDP-CVD system 5 includes a vacuum chamber 
10, a vacuum pump 12, a bias RF (BRF) generator 36. 

30 and a source RF (SRF) generator 32. 

Vacuum chamber 10 includes a ceiling 12 consist- 
ing of a sidewall 22 and a disk-shaped ceiling electrode 
24. Sidewall 22 is made of an insulator such as quartz 
or ceramic and supports coiled antenna 26. The struc- 

35 tural details of coiled antenna. 26 are disclosed in U.S. 
Patent Application 08/113,776. 

Deposition gases and liquids are supplied from gas 
sources 28 through lines 27. having control valves not 
shown, into a gas mixing chamber 29 where they are 

40 combined and sent to gas supply ring manifold 16, Gen- 
erally, each gas supply line tor each process gas 
includes (i) safety shutoff valves (not shown) that can 
be used to automatically or manually shut off the flow of 
process gas into the chamber, and (ii) mass flow con- 
45 trollers (MFCs) (also not shown) that measure the flow 
of gas through the gas supply lines. When toxic gases 
are used in the process, the several safety shut-off 
valves are positioned on each gas supply line in con- 
ventional configurations. 
50 Gas injection nozzles 1 4 are coupled to gas supply 
ring manifold 16 and disperse deposition gases intro- 
duced into manifold 16 to a substrate 45 resting on a 
pedestal 44 within chamber 10. Additionally, a center 
gas injection nozzle (not shown) and a center annulus 
ss (not shown) admit gases to chamber 10 above Sub- 
strate 45. Deposition gases introduced through gas 
injection nozzles 14, center gas injection nozzle, and 
center annulus may be of the same or different compo- 
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srfans. Pedestal 44 may fce moved up and down by a 
motor (not shown) into various processing positions, 
Additionally, pedestal 44 nay contain an electrostatic 
chuck or similar mechanisr i to restrain the wafer during 
processing and may also contain cooling passages and 
other features. 

Gas supply ring manifold 16 is positioned within a 
housing 1 6. Housing 18 is p rotecled from reagents by a 
skirt 46. Skirt 46 is compo* ed of a Substance, such as , 
quartz, ceramic, silicon a polysilicon, which is resistant 
to the reagents used in the HDP-CVO process. The bot- 
tom of vacuum chamber 10 nay include an annular liner 
40, which itself may be mac e removable. 

An inductively coupled plasma of the deposition 
gases can be formed adjacent to substrate 45 by RF 
energy applied to coiled antenna 26 from source RF 
generator 32. Source RF ge lerator 32 can supply either 
single or mixed frequency RF power (or other desired 
variation) to coiled antenna 26 to enhance the decom- 
position of reactive species introduced into vacuum 
chamber 10. A plasma formed in such a manner has a 
relatively high density (on he order of 1Q 11 to 10 12 
ions/cm 3 ) as compared with standard PECVD reactors. 
Deposition gases are exhausted from chamber 10 
through exhaust line 23 as indicated by arrow 25. The 
rale at which gases are released through exhaust line 

23 is controlled by throttle valve 12a. 

Ceiling electrode 24 is neld in place by a fid 56. 
which is cooled by cooling jackets 56. Ceiling electrode 

24 is a conductor and ma r be connected to either 
ground, to a BRF generate ' 36, or left unconnected 
(allowed to float), by proper y setting switch 38. Simi- 
larly, pedestal 44 may be connected to either ground, to 
a BRF generator 50 or left unconnected (allowed to 
Moat), by properly setting svvitch 52. The settings of 
these switches depends upon the plasma's desired 
characteristics. BRF generators 36 and 50 can supply 
either single or mixed frequency RF power (or other 
desired variation), BRF generators 36 and 50 may be 
Separate RF generators, or m ay be a single RF genera- 
tor connected to both ceiling electrode 24 and pedestal 
44. Application of RF energy from BRF generators 36 
and 50 to bias an inductively coupled plasma toward 
pedestal 44 promotes sputteri ig and enhances existing 
sputtering effects of the plasma (i.e., increasing the 
gap-fill capability of a film). 

Capacilive coupling may also be used to form the 
plasma. Such a plasma may be formed between ceiling 
electrode 24 and pedestal 44 or in a similar feshion. 

BRF generators 36 and 50, SRF generator 32, 
throttle valve 12a, the MFCs connected to lines 27, 
switches 30, 34, 36 and 52. ar d other elements in CVD 
system 5 are all controlled by a system controller 31 
over control lines 35, only so me of which are shown. 
System controller 31 operate!, under the control of a 
computer program stored in a corrputer-readable 
medium such as a memory 32 , which, in the preferred 
embodiment is a hard disk drivt i. The computer program 
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dictates the timing, introduction rate and mixture of 
gases, chamber pressure, chamber temperature, RF 
power levels and ther parameters of a particular proc- 
ess. Motors and optical sensors are used to move and 
determine the position of movable mechanical assem- 
blies such as throttle valve 12a and pedestal 44. 

System controller 31 controls all of the activities of 
the CVD apparatus. In a preferred embodiment, control- 
ler 3 1 includes a hard disk drive (memory 33), a floppy 
> disk drive, and a card rack. The card rack contains a sin- 
gle board computer (SBC) 37, analog and digital 
input/output boards, interface boards and stepper motor 
controller boards (only some of which are shown). The 
system controller conforms to the Versa Modular Euro- 
pean (VME) standard which defines board, card cage, 
and connector dimensions and types. The VME also 
defines the bus structure having a 16-bit data bus and 
24-bit address bus. 

System controller 31 operates under the control of 
a computer program stored on the hard disk drive. The 
computer program dictates the timing, mixture of gases, 
RF power levels and other parameters of a particular 
process. The interface between a user and the system 
, controller is via a CRT monitor 65a and a light pen 65b 
which is depicted in Fig. IB. In the preferred embodi- 
ment two monitors 65a are used, one mounted in the 
clean room wall for the operators and the other behind 
the wall for the service technicians. Both monitors 65a 
Simultaneously display the same information, but only 
one light pen 65b is enabled. Light pen 65b detects light 
emitted by CRT display with a light sensor in the tip of 
, the pen. To select a particular screen or function, the 
operator touches a designated area of the display 
screen and pushes the button on pen 65b. The touched 
area changes its highlighted color, or a new menu or 
screen is displayed, confirming communication between 
the light pen and the display screen. 

The process can be implemented using a computer 
program product 141 that runs on. for example, system 
controller 31. The computer program code can be writ- 
ten in any conventional computer readable program- 
ming language such as for example 68000 assembly 
language. C, Om-> or Pascal. Suitable program code is 
' entered into a single file, or multiple files, using a con- 
ventional text editor, and stored or embodied in a com- 
puter usable medium, such as a memory system of the 
computer, if the entered code text is in a high level Ian- 
guage, the code is compiled, and the resultant compiler 
code is then linked with an object code of precompiled 
windows library routines. To execute the linked com- 
piled object code, the system user invokes the object 
code, causing the computer system to load the code in 
memory, from which the CPU reads and executes the 
code to perform the tasks identified in the program. 

Fig. 1C shows an illustrative block diagram of the 
hierarchical control structure of computer program 70. A 
user enters a process set number and process chamber 
number into a process selector subroutine 73 in 
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response to menus or screens displayed on the CRT 
monitor by using the lijht pen interface. The process 
sets are predetermined sets of process parameters 
necessary to carry ou specified processes, and are 
identified by predefined set numbers. The process 
selector subroutine 73 i jemmies (i) the desired process 
chamber in a multicharrber system, and (u) the desired 
set ol process parameters needed to operate the proc- 
ess chamber for perfbming the desired process. The 
process parameters tor performing a specific process 
relate to process conditions such as, for example, proc- 
ess gas composition an i flow rates, temperature, pres- 
sure, plasma conditions such as RF bias power levels 
and magnetic field powi *r levels, cooling gas pressure, 
and chamber wafl tempi srature and are provided to the 
user in the form of a resipe. The parameters specified 
by the recipe are entered utilizing the light pen/CRT 
monitor interface. 

The signals for mom* coring the process are provided 
by the analog input and digital input boards of system 
controller and the signal? ; for controlling the process are 
output on the analog out >ut and digital output boards of 
system controller 31. 

A process sequence r subroutine 75 comprises pro- 
gram code for accepting [he identified process chamber 
and set of process parar ieters from the process selec- 
tor subroutine 73. and f jr controlling operation of the 
various process chambers. Multiple users can enter 
process set numbers anc process chamber numbers, or 
a user can enter multiple process set numbers and 
process chamber numbe s. so sequencer subroutine 75 
operates to schedule tr e selected processes in the 
desired sequence. Preferably, sequencer subroutine 75 
includes a program code o perform the steps of (i) mon- 
itoring the operation of tr e process chambers to deter- 
mine if the chambers ar 5 being used, (ii) determining 
what processes are bein j carried out in the chambers 
being used, and p) executing the desired process 
based on availability of a process chamber and type of 
process to be carried oA Conventional methods of 
monitoring the process cr ambers can be used, such as 
polling. When scheduling which process is to be exe- 
cuted, sequencer subitntine 75 can be designed to 
take into consideration ihe present condition of the 
process chamber being jged in comparison with the 
desired process conditions tor a selected process, or 
the " age" of each particulc r user entered request, or any 
other relevant factor a system programmer desires to 
include for determining sc leduling priorities. 

After sequencer subroutine 75 determines which 
process chamber and pro Jess set combination is going 
to be executed next, sequencer subroutine 7$ causes 
execution of the process set by passing the particular 
process set parameters to a chamber manager subrou- 
tine 77a-c which controls multiple processing tasks in 
process chamber 1 0 accot cling to the process set deter- 
mined by sequencer subro jtine 75. For example, cham- 
ber manager subroutine 77a comprises program code 
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for controlling sputtering and CVD process operations in 
process chamber 10- Chamber manager subroutine 
77a also controls execution of various chamber compo- 
nent subroutines which control operation of the cham- 
ber components necessary to carry out the selected 
process set. 

Examples of chamber component subroutines are 
substrate positioning subroutine 80, process gas control 
subroutine 83, pressure control subroutine 85, heater 
control subroutine 87, and plasma control subroutine 
90. Those having ordinary skill in the art will recognize 
that other chamber control subroutines can be included 
depending on what processes are desired to be per- 
formed in vacuum chamber 10. In operation, chamber 
manager subroutine 77a selectively schedules or calls 
the process component subroutines in accordance with 
the particular process set being executed. Scheduling 
by chamber manager subroutine 77a is performed in a 
manner similar to that used by sequencer subroutine 75 
in scheduling which process chamber 10 and process 
set is to be executed. Typically, chamber manager sub- 
routine 77a includes steps of monitoring the various 
chamber components, determining which components 
need to be operated based on the process parameters 
for the process set to be executed, and causing execu- 
tion of a chamber component subroutine responsive to 
the monitoring and determining steps. 

Operation of particular chamber component sub- 
routines will now be described with reference to Fig. 1C. 
Substrate positioning subroutine 80 comprises program 
code for controlling chamber components that are used 
to load a substrate onto pedestal 44 and to move the 
pedestal to a processing position. Substrate positioning 
subroutine 80 may also control transfer of a substrate 
into chamber 10 from, e.g., a ; PECVD reactor or other 
reactor in the muitich amber system, after other process- 
ing has been compieted- 

Process gas control subroutine 83 has program 
code tor controlling process gas composition and flow 
rates. Subroutine 83 controls the open/dose position of 
the safety shut-off valves, and also ramps up/down the 
mass flow controllers to obtain the desired gas flow rate. 
All chamber component subroutines, including process 
gas control subroutine 83, are invoked by chamber 
manager subroutine 77a. Subroutine 83 receives proc- 
ess parameters trom the chamber manager subroutine 
related to the desired gas flow rates. 

Typically, process gas control subroutine 83 oper* 
ales by opening the gas supply lines, and repeatedly (i) 
reading the necessary mass flow controllers, (ii) com- 
paring the readings to the desired flow rates received 
from chamber manager subroutine 77a, and (iii) adjust- 
ing the flow rates of the gas supply lines as necessary. 
Furthermore, process gas control subroutine 83 
includes steps for monitoring the gas flow rates for 
unsafe rates, and activating the safety shut-off valves 
when an unsafe condition is detected. 
. In some processes, an inert gas such as argon is 
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flowed into chamber 10 to stabilize the pressure in the 
chamber before reactive process gases are introduced 
into the chamber. For theso processes, the process gas 
control subroutine 83 is p ogrammed to include steps 
for flowing the inert gas int3 chamber 10 for an amount 
of time necessary to stabili te the pressure in the cham- 
ber. The above-described steps may then be carried 
out. 

Additionally, when a pr >cess gas is to be vaporized 
from a liquid precursor, Ihe process gas control subrou- 
tine 83 includes steps for kubbfrng a delivery gas such 
as helium through the liq/id precursor in a bubbler 
assembly or far introducing the helium to a liqufcl injec- 
tion valve. For this type of piocess, the process gas con- 
trol subroutine 83 regulates the flow of the delivery gas, 
the pressure in the bubble! , and the bubbler tempera- 
ture to obtain the desired pn >cess gas flow rates. As dis- 
cussed above, the desired process gas flow rates are 
transferred to process gas control subroutine 83 as 
process parameters. 

Furthermore, the proce! is gas control subroutine 83 
includes steps for obtaining the necessary deJivery gas 
flow rate, bubbler pressure, i ind bubbler temperature for 
the desired process gas flow rate by accessing a stored 
table containing the necessary values for a given proc- 
ess gas flow rate. Once he necessary values are 
obtained, the delivery gas flow rate, bubbler pressure 
and bubbler temperature are monitored, compared to 
the necessary values and ac justed accordingly. 

The process gas control subroutine 83 also controls 
the flow of heat-transfer gas, such as helium (He), 
through the inner and out<;r passages in the wafer 
chuck. The gas flow thermal y couples the substrate to 
the chuck. In a typical process, the wafer is heated by 
the plasma and the chemical reactions that form the 
layer, and the He cools the si bstrate through the chuck, 
This keeps the substrate below a temperature that may 
damage preexisting features on the substrate. 

Pressure control subroutine 65 includes program 
code for controlling the press Lire in chamber 10 by reg- 
ulating the size of the opening of throttle valve 12a in the 
exhaust portion of the chamb sr. The size of the opening 
of throttle valve 1 2a is set to control the chamber pres- 
sure to the desired level in relation to the total process 
gas flow, size of the process c lamber, and pumping set- 
point pressure for the exhau* t system. When pressure 
control subroutine 85 is invoked, the desired, or target, 
pressure level is received as ? parameter from chamber 
manager subroutine 77a. Prtissure control subroutine 
1 47 operates to measure the t ressure in chamber 10 by 
reading, one or more convert jona! pressure manome- 
ters connected to the chambijr. compare the measure 
value(s) to the target pressure obtain proportional, inte- 
gral, and differential (PID) values from a stored pressure 
table corresponding to the target pressure, and adjust 
the throttle valve 12a according to the PID values 
obtained from the pressure labia Alternatively, pressure 
control subroutine 85 can be written to open or close 
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throttle valve 1 2a t a particular opening size to regulate 
chamber 10 to attain a desired pressure. 

Plasma control subroutine 90 comprises program 
code for setting the RF power level applied to RF gener- 
ators 32, 36 and 50 in chamber 10, and optionally to set 
the level of the magnetic field generated in the chamber. 
The plasma control subroutine 90, like the previously 
described chamber component subroutines, is invoked 
by chamber manager subroutine 77a. 

An example of such an HDP-CVD apparatus along 
with the advantages of each of the three capacitively 
coupled configurations and the specific details concern- 
ing the Inductively coupled configurations is described 
in US. Patent Application 08/234.746 entitled "High 
Density Plasma CVD Reactor with Combined Inductive 
and Capaeirive Coupling, 0 by Nowak, Fairbairn and 
Bedeker, filed April 26, 1994, the disclosure of which is 
incorporated herein by reference. 

The above description is for illustrative purposes 
only and should not be considered as limiting the scope 
of the present invention. Variations of the above- 
described system, such as variations in pedestal 
design, chamber design, location of RF power connec- 
tions and other variations are possible. Adcfitionally, 
other systems such as electron cyclotron resonance 
(ECR) plasma CVD devices. Thermal CVD devices, 
PECVD systems, sputtering systems or the like, can 
enjoy the benefits ot the present invention. The method 
and apparatus of the present invention are not limited to 
any specific substrate processing system. 

II. Depositing Protective Seasoning Layers 

The present invention may be employed to reduce 
the amount of contaminants present during substrate 
processing that originate from components in the inte- 
rior of a substrate processing chamber, such as the 
exemplary chamber described. Contaminant reduction 
is obtained by depositing a protective seasoning layer 
over walls and insulation areas within the interior of the 
chamber that could otherwise be a source of such con- 
taminants. The protective seasoning layer formed 
according to the present invention has a lower diffusion 
rate for typical contaminants in relation to the chamber 
components, which in turn reduces contaminant levels 
during substrate processing. 

Fig. 2 illustrates a preferred process for depositing 
a protective seasoning layer of silicon nitride according 
to the present invention. This process is implemented 
and controlled using a computer program stored in the 
memory 33 of CVD system 5. In this preferred embodi- 
ment, the protective seasoning layer is deposited after 
completion of a standard chamber dean operation (step 
200) in which an etchant gas such as NF 3 is introduced 
into the chamber to remove material deposited on ihe 
chamber wails from a previous deposition step (e.g., 
step 206) . In preparation for deposition of the seasoning 
layer, the chamber is pressurized to a setpoint of 40 
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mTorr (step 202). In seasoning step 204, the source 
generator is set to 2500 W and the bras generator is set 
to 0 W. A process gas mat includes nitrogen (N 2 ) and 
silane (SiH 4 ) is introduced into the chamber to deposit 
the silicon nitride (SiN) protective seasoning layer. Nitre- 6 
gen is introduced at a rate of 120 seem, while silane is 
introduced at a rate of 90 seem. Seasoning step 204 is 
preferably carried out for 100 seconaVAfler seasoning 
step 204 is complete, a protective seasoning layer of 
SiN substantially covers the chamber that has a lower 10 
diffusion rale tor typical contaminants in relation to the 
chamber components, which in turn reduces contami- 
nant levels during substrate processing. The illustrated 
seasoning step introduces silicon nitride as the season* 
ing layer into the process chamber. However, other sea- 1S 
soning layers, such as silicon oxynitride (SiON) and 
phosphorous-doped silicate glass (PSG). each of which 
limits the diffusion of contaminates into the deposition 
chamber, may be substituted for SiN. Following season- 
ing step 204. substrate processing maybe carried out in so 
step 206 until the chamber needs to be cleaned and 
seasoned again. 

Fig. 3 illustrates an alternate process of the inven- 
tion in which a precursor layer is deposited in the cham- 
ber prior to deposition of the seasoning layer described 2£ 
in Fig. 2. This process is again implemented and con- 
trolled using a cornputer program stored in the memory 
33 of CVD system 5. In initial step 300. the chamber is 
again cleaned as described above (step 200). The 
chamber is again pressurized to a selpoint of 40 mTorr so 
(step 302). Now. rather than proceeding directly to sea- 
soning the chamber with a protective layer, a precursor 
layer of silicon oxide (Sj0 2 ) is first introduced into the 
chamber in step 304. Here, the source generator is set 
to 4500 W and the bias generator is set to 1600 W. A 3$ 
process gas that includes argon (At), oxygen (0 2 ) and 
silane (SiH 4 ) is introduced into the chamber Argon is 
introduced at a rate of 20 seem, oxygen is introduced at 
a rate of 1 40 seem and silane is introduced at a rate of 
90 seem. Precursor deposition step 304 is preferably <« 
carried out tor 30 seconds. After depositing the precur- 
sor layer of S'0 2 in the chamber, a seasoning layer is 
deposited into the chamber over the precursor layer in 
step 306. where the parameters are identical to those 
described above for Fig. 2 (step 204). Depositing a pre- <5 
cursor layer offers the following advantage: the protec- 
tive seasoning layer deposited in step 306 adheres 
more uniformly to the underlying precursor layer than 
directly to the chamber components. Thus, the protec- 
tive seasoning layer is less fikely to chip and become so 
fragmented when deposited over a precursor layer 
rather than directly over the chamber components, 
improving contamination control. Again, other protective 
seasoning layers, such as silicon oxynitride (SiON) and 
phosphorous-doped silicate glass (PSG), for example, 55 . 
may be deposited into the chamber in place of silicon 
nitride. Following seasoning step 306, substrate 
processing may be carried out in step 308 until the 



chamber needs to be cleaned and seasoned again. 

Fig. 4 is a graph 400 illustrating the reduction in 
sodium contamination after the formation of a protective 
seasoning film according to the present invention. The 
vertical axis shows the sodium content of a substrate 
processing chamber as a function of the seasoning time 
in seconds of a silicon nitride protective seasoning layer. 
The sodium content was measured by performing a 
SIMS analysis- Point 402 shows that if a silicon nitride 
seasoning layer is not deposited in the chamber, the 
sodium content is about 6.0 x io 11 atomsfcm 2 . This 
Jevef of sodium content in the processing chamber is 
unacceptable for some applications and can cause 
device performance degradation. Acceptable sodium 
content levels for many applications are typically below 
about 1 .0 x 1 0 1 1 atoms/cm 2 , Point 404 shows that, after 
about 30 seconds of SiN seasoning according to the 
process described in Fig. 2, the sodium content in the 
chamber has dropped to about 1.2 x 10 n atoms/cm 2 , 
which is a significant improvement and a nearly accept- 
able content level. Point 406 shows that after 100 sec- 
onds of SiN seasoning, the sodium content otaps below 
about 5.0 x 10 10 atoms/cm 2 , which is now within accept- 
able content levels. Additional seasoning maintains 
acceptable sodium content levels, as illustrated by point 
408. where the sodium content remains consistent, 
below about 5.0 x 10 10 atoms/cm 2 after seasoning the 
chamber with SiN for 300 seconds. 

Graph 400 also shows' the effect of forming a pre- 
cursor seasoning layer according to the process 
described in Fig. 3, Point 41 o shows that after deposit- 
ing a precursor SiQ 2 layer followed by ioo seconds of 
SiN seasoning, me sodium content of the chamber is 
about 1 .0 x i o 1 1 atoms/cm 2 . The sodium content of the 
chamber with a precursor Si02 layer is therefore higher 
than with no precursor layer (point 406), but the precur- 
sor layer offers the benefits described above, such as 
the tact that the protective seasoning layer adheres 
more uniformly to the underlying precursor layer than to 
the chamber components. Thus, the protective season- 
ing layer is less HKely to chip and become fragmented 
when deposited over a precursor layer rather than 
directly over the chamber components, improving con- 
tamination control. Point 412 shows that there is some 
improvement with an increase in seasoning time when 
depositing SiN over a precursor layer. After 300 sec- 
onds of SiN seasoning over a precursor SiOj layer, the 
sodium content is about 7.0 x TO 10 atoms/cm 2 . The 
above values were measured in a HDP-CVD chamber; 
sodium content may differ in other chambers. 

Claims 

1. A method of seasoning a substrate processing 
chamber having an interior surface with compo- 
nents containing contaminates, wherein a protec- 
tive seasoning film substantially covering at least a 
portion of said interior surface of said chamber is 
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deposited by introducing a process gas into said 
chamber, characterized in that said protective sea- 
soning film is chosen such that said contaminates 
have a tower diffusion rate in said protective sea- 
soning film than in sard components of said interior 5 
surface of said chamber. 

2. The method of claim 1 , wherein said protective sea* 
soning film comprises silicon nitride (SiN) or silicon 
oxynitrlde (SiON) or phosphorous-doped silicate 10 
glass (PSG). 

3. The method of claim 1 , wherein said contaminates 
comprise sodium (Na) or lithium (Li) or potassium 
(K). 



said computer-readable program com- 
prising a set of instructions for depositing a pro- 
tective seasoning film substantially covering at 
least a portion of said interior surface of said 
chamber by introducing said process gas into 
said chamber, wherein said contaminates have 
a lower diffusion rate in said protective season- 
ing film than in said components of said interior 
surface of said chamber 



4. The method of claim 1 , further comprising the step 
of depositing a precursor seasoning film substan- 
tially covering at least a portion of said interior sur- 
face of said chamber by introducing a process gas 20 
into said chamber prior to depositing said protective 
seasoning film. 

5. The method of daim 8 wherein said precursor sea- 
soning film comprises undoped silicon oxide (SiCy. ss 

6. The method of any of the claims 1 to 5. wherein 
said seasomimg is carried out befor transferring a 
substrate upon which one or more integrated cir- 
cuits are formed into said chamber; and wherein, 30 
after the transfer of the substrate, a deposition gas 

is introduced into said chamber to deposit a layer 
over said substrate. 

7. The method of claim 6, further comprising the step 3s 
of etching said protective seasoning film from said 
interior surface of said chamber after processing at 
least one substrate. 

8. A substrate processing system for carrying out the 40 
method of any of the claims 1 to 7, comprising: 

a housing for farming a vacuum chamber hav- 
ing an interior surface with components con- 
taining contaminates: 45 
a substrate holder, located within said housing, 
for holding a substrate; 

a gas delivery system for introducing a process 
gas into sard vacuum chamber; 
a controller for controlling said gas delivery so 
system, said temperature control system and 
said pressure control system; and 
a memory coupled to said controller compris- 
ing a computer-readable medium having a 
computer-readable program embodied therein ss 
for directing operation of said chemical vapor 
deposition reactor system, characterized in 
that 
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